Background: Participation in endurance running by adult females has grown considerably in recent years. The required training for long-distance running may predispose this population to the 3 interrelated components of the female athlete triad (FAT): low energy availability (EA), menstrual dysfunction, and low bone mineral density. Research investigating the FAT has primarily focused on adolescent and young adult females. Objective: To investigate the presence of components of the FAT in a group of adult female endurance runners. Study Design: Survey research report. Methods: A survey was developed and dispersed electronically to females 18 years and older in a local halfmarathon and/or marathon training group. Data were collected between March and November 2016. Results: Seventy-two females with a mean age of 40.92 ± 9.61 years completed the survey. Subjects had an average height of 163.60 ± 6.41 cm, weighed an average of 62.24 ± 10.05 kg, and had 10 years of running experience. In total, 30.6% (n = 19) of participants reported an irregular menstrual cycle. Eighty percent (n = 58) of participants had tried to lose weight, 51% (n = 37) were rarely satisfied with the shape of their body, and 65.2% (n = 47) indicated a preoccupation with a desire to be thinner. Conclusions: Participants demonstrated signs of low EA and menstrual dysfunction, 2 components of the FAT. Menstrual dysfunction may have occurred because of low EA or perimenopausal state. Health care professionals including physical therapists should examine these char-acteristics in adult endurance female runners as they may be at risk for developing the FAT.
INTRODUCTION
Female sports participation has significantly increased over the past several decades. A 10-fold increase in female sports participation at the high school level and an even greater increase at the collegiate level have been reported. 1 Countless benefits have been associated with female participation in sports, including improved self-esteem, an improved body image, and an increase in high school graduation rate. Despite these observed benefits, the growth in female participation in sports has also been associated with an increase in sports-related injuries and other issues. 1 In 1997, the American College of Sports Medicine (ACSM) issued its first position statement describing frequently observed conditions in females participating in sports requiring lean physiques: disordered eating, amenorrhea, and osteoporosis. Collectively, these components were termed the female athlete triad (FAT) or triad. 2 In 2007, the ACSM published an updated statement on the FAT that further described the pathophysiology and disorders that comprise the FAT. 3 Key revisions included a broader definition reflecting spectrums of energy availability (EA), menstrual function, and bone mineral density (BMD). 3 More recently, a consensus statement published by the International Olympic Committee (IOC) termed a more broadly applicable syndrome of "Relative Energy Deficiency in Sports" (RED-S). RED-S results from energy deficiency and affects physiological function not just in female athletes but in males and nonathletes alike. 4 The FAT comprises 3 interrelated components: EA, menstrual function, and bone health. 3 The spectrums in each of these domains can range over time and ultimately may lead to low EA (with or without disordered eating), functional hypothalamic amenorrhea, and osteoporosis. Energy availability is defined as dietary energy intake minus exercise energy expenditure. Essentially, it is the amount of dietary energy remaining for other body functions, including reproduction, after exercise training. Amenorrhea is defined as the absence of menses and can further be classified as primary (delayed onset of menarche) or secondary (absence of menses for >3 months). Osteoporosis refers to thinning and weakening of the bones as a result of low BMD. The FAT is better described as a syndrome resulting from low EA and resulting energy deficiency that presents significant health risks to physically active females. 4 Relative energy deficiency can disrupt the hormonal and functional homeostatic balance of the female body, which can negatively affect physiological function of metabolism, protein synthesis, immunity, cardiovascular health, menstruation, and bone health. 4 This relative energy deficiency may be associated with or without disordered eating. Disordered eating is characterized by healthy dieting but with sporadic use of short-term restricted diets. 4 Ultimately, clinical eating disorders such as anorexia nervosa and bulimia nervosa may ensue along with a distortion in body image, irregular eating behaviors, weight fluctuations, and inconsistent athletic performance. 4 Low EA in females results in decreased production of estrogen, progesterone, and other gonadotropinreleasing hormones. These alterations in hormone production and regulation contribute to menstrual dysfunction and decreased bone health. Menstrual irregularities may range from amenorrhea to oligomenorrhea, a frequency of menstruation greater than every 35 days or less than 9 menstrual cycles in 1 year. 4 Decreased estrogen results in thinning and weakening of the bones, leading to low BMD and an increased risk for bone stress and fracture. 5 Most research on the FAT is limited to adolescent and collegiate females. An association between musculoskeletal injury and components of the FAT has been identified in high school female runners. 6 Adult females training for endurance events such as the half-or full marathon typically have similar or greater training volumes as adolescent and collegiate runners. Training demands combined with dietary influences and other behaviors may leave adult female endurance runners at a similar risk for relative energy deficiency and the FAT. The purpose of this study was to investigate the presence of the components of the FAT in a group of adult female endurance runners. Increased knowledge of these components in this population may assist health care professional including physical therapists in proper identification and management of components of the FAT.
METHODS AND MEASURES Participants
A local running specialty store offering a half-and full-marathon training program assisted with recruitment of potential participants. A survey link was included in a weekly newsletter e-mailed to participants in the training program inviting them to participate in the study. The survey link was included in the weekly newsletter over a period of 8 weeks. Approximately 175 female runners were registered in the training program at the time of the study.
Participants were eligible to participate if they were female, 18 years and older, and were training for an endurance event of a half-marathon or greater to be completed within the next 12 months. Participants who were not female, younger than 18 years, and were not training for at least a half-marathon within the next 12 months were automatically excluded from participation. The weekly newsletter contained a formal letter explaining the purpose of the research and a direct link to the electronic survey for potential participants. Consent was obtained from the participants upon initiation of the survey and acknowledgment of meeting inclusion criteria for the research.
Procedures
A survey was designed and developed to assess for components of the FAT in the adult female endurance runner: EA, menstrual dysfunction, and bone health. Questions were adapted from previously validated instruments including the Low Energy Availability in Females Questionnaire (LEAF-Q) and the Eating Disorder Examination Questionnaire (EDE-Q 6.0). The LEAF-Q is a screening tool designed to identify female athletes at risk for the FAT. 7 The LEAF-Q surveys for (1) injuries, (2) gastrointestinal function, and (3) menstrual function and use of contraceptives. Questions pertaining to injury, menstrual function, and contraceptive use were most pertinent to the purpose of this study and were therefore adapted for the survey instrument. The EDE-Q 6.0 is a self-report questionnaire derived from the Eating Disorder Examination (EDE) interview that is used to assess key attitudes and behavioral features of eating disorders. 8 The EDE-Q 6.0 examines eating behaviors, feelings related to eating, episodes of overeating and binging, and overall body satisfaction perceived in the past 4 weeks. Questions relating to guilt after overeating, preoccupation with a desire to be thinner, body satisfaction, and attempts at losing weight were adapted for the survey instrument as a means of identifying disordered eating and potential relative energy deficiency. The survey instrument also included questions regarding history of pregnancies, childbirth, and pelvic pain to relate to potential stress urinary incontinence in this population. The final survey instrument consisted of 42 questions and was piloted to 5 female physical therapists who were also recreational runners. A consensus agreement from these professionals served as validation for face and content validity. The final survey was distributed via the Qualtrics survey platform (see Supplemental Appendix, available at: http://links.lww.com/JWHPT/A26).
Data Analysis
Survey responses were collected via the Qualtrics survey software platform from March 2016 through November 2016. All data were collected at 1 point in time, and no additional follow-ups were required. All raw data were imported from Qualtrics into Statistical Package for Social Sciences (SPSS, version 22; IBM, Armonk, New York) for analysis to determine frequencies and descriptive statistics with standard deviations and means. Statistical analyses were computed to identify the presence of components associated with the FAT in adult female endurance runners. All research procedures were reviewed and approved by the institutional review board at the University of Central Florida, a large university in a metropolitan area of the United States.
RESULTS
Eighty subjects responded to the survey link; however, 8 were excluded because of failure to complete the entire survey. Thus, 72 females with a mean age of 40.92 ± 9.61 years, ranging from 23 to 72 years, completed the survey (Tables 1 and 2). Response rate was 41.1%. The primary reason indicated for distance running was general fitness (44.4%). Fiftyfive percent (n = 40) of participants indicated the full marathon as their target race distance. In total, 84.7% of participants also engaged in other forms of physical activity. Nearly two-thirds (66.7%) of participants reported a history of running-related injury (RRI), which was defined as "any running-related musculoskeletal pain of the lower extremity or back requiring you to change your normal running routine (time, distance, pace) for greater than 1 week."
A regular (every 28th-to 34th-day) menstrual cycle was reported by 60% (n = 43) of respondents, whereas 30.6% (n = 19) reported an irregular menstrual cycle (Figure 1 ). Ten women reported absence of menstruation due to menopause. The approximate number of menstrual cycles reported in the last year by women with current cycles was 7.04 ± 5.26. Twenty-six percent reported cessation of menses for 3 consecutive months or longer (not due to menopause, pregnancy, or breastfeeding); 30.6% of participants reported current use of hormonal contraception (Figure 2 ). Eighty percent (n = 58) of participants had tried to lose weight, 51% (n = 37) were rarely satisfied with the shape of their body, and 65.2% (n = 47) indicated a preoccupation with a desire to be thinner (Figure 3 ).
DISCUSSION
The purpose of this study was to investigate the presence of the components of the FAT in a group of adult female endurance runners. The results collected via the survey instrument suggest that female endurance runners may suffer from low EA and related menstrual dysfunction, 2 components of the FAT. The ACSM position stand on the FAT indicates that low EA can be inadvertent, intentional, or psychopathological. 3 Those who have inadvertent low EA are likely unaware; they do not realize how much energy is expended during training and unknowingly consume an insufficient number of kilocalories. Those who have intentional low EA actively and purposefully try to lose weight by restricting caloric intake or expending more energy via overtraining. They may undereat, skip meals, and/or avoid foods that contain fat. 5 Sixtyfive percent of the participants surveyed indicated a preoccupation with the desire to be thinner.
Female adult endurance runners surveyed were dissatisfied with the shape of their body (n = 39) and felt their stomach was too big (n = 52). Despite running 12 to 85 miles/wk (mean = 27.62 ± 11.69), 84.7% of participants also participated in other physical activities. With this level of physical activity and a normal body mass index of 23.26 ± 3.74 kg/ m 2 , these participants would be considered healthy and fit, but somehow they were discontented with their bodies. These feelings could lead to a failure to consume sufficient kilocalories to meet the demands of training and lead to inadvertent or intentional low EA.
Research indicates that women frequently make appearance-related social comparisons with women in their natural environment. 8 The participants in this study may have benchmarked the physical appearance of their bodies against other endurance runners and not against other typical women, even those who are healthy and athletic women. Female endurance runners may feel the need to fit their mental picture of an endurance runner who is thin, lean, and extremely athletic. The clothing worn during endurance running may further exacerbate these comparisons, resulting in body dissatisfaction. Hence, this preoccupation with body leanness may lead to a psychopathological pattern of disordered eating and eventual low EA. 9 Low EA occurs more frequently among weightsensitive sports in which leanness and/or weight are vital due to their role in performance, appearance, or requirement. 4 Seventy-two percent of participants were also trying to lose weight while training for their targeted race. Dieting may have been in an attempt to improve performance rather than due to body dissatisfaction. Runners often perceive that thinness leads to increased performance; decreased weight is an advantage because there is less mass to move. Endurance running may inadvertently encourage athletes to lose weight in order to amplify performance. Unfortunately, this may lead to negative outcomes when athletes proceed in an unhealthy way by restricting caloric intake. 10 Extremely low EA may lead to harmful consequences including amenorrhea and osteoporosis.
Excluding the 10 participants in menopause, 30% (n = 19) of participants did not have a regular menstrual cycle. The occurrence of menstrual dysfunction in this group of endurance runners was slightly higher than previous estimates, suggesting that menstrual irregularity affects 20% of exercising females. 11 Worthy of discussion is consideration that that the mean age of the participant was 40 years. Hence, participants may have been experiencing irregular periods because they were in a perimenopausal state. Conversely, the data could indicate that some participants may be affected by the FAT due to low EA, especially since 31.9% (n = 20) reported changes in menstruation with increased exercise. Health care providers should recognize that female endurance runners in this age range may report menstrual dysfunction, which may or may not be of concern. Women of varying ages may require different questions and/or have additional testing in order to determine the difference between regular perimenopausal symptoms and symptoms of the FAT.
Physicians often prescribe contraception to treat irregular menstrual cycles in female athletes, although research has shown that contraceptives only mask the real issue of low EA. In this study, 30.6% (n = 22) of participants used oral contraceptives and 8.3% reported that they were using contraception in order to regulate menstruation. Those who take oral contraceptives will not demonstrate irregular menstruation and therefore may perceive their menstruation as normal and of no concern. The use of contraception may obscure the signs and symptoms of preliminary effects of low EA. Without the accurate identification of menstrual irregularity issues, the female endurance runner may continue with improper eating habits, causing persistent low EA, and become at risk for low BMD. Health care providers should ask more detailed questions and conduct more thorough examinations rather than simply prescribing oral contraceptives.
Although BMD was not specifically assessed in this study, the account for bony stress injury was investigated. Respondents had a mean of 10 ± 8.37 years of running experience, with 66.7% (n = 48) of participants reporting sustaining an RRI. The majority of the participants had 1 to 3 RRIs in their lifetime, 9 participants had 4 to 6 RRIs, and 3 had 7 to 12 RRIs in their lifetime. When considering the range of 2 to 39 years of running experience, these numbers are not significant and could simply be due to the stress on bones over years as a runner.
CONCLUSION
This survey investigated the presence of the components of the FAT in a group of adult female endurance runners. Participants demonstrated signs of low EA and menstrual dysfunction, 2 components of the FAT. Runners displaying inadvertent low EA may have unintentionally overtrained and/ or consumed insufficient amounts of kilocalories. However, runners exhibiting intentional low energy likely restricted kilocaloric intake by dieting while training. These behaviors may be due to either body dissatisfaction or a desire to improve performance. Menstrual irregularity may have resulted from the presence of low EA or may have been related to perimenopause in this group of adult females. Nonetheless, health care professionals should thoroughly examine and evaluate adult female endurance runners in a manner that is different from that of adolescent endurance runners, as adult female endurance runners may be similarly at risk for components of the FAT.
Limitations of the Study
The data collection method used allowed the researchers to gather information from a specific targeted population. Because information was collected via a survey instrument, there may be aspects of bias that accompany these self-reported data. The research was limited to a local area and is not representative of female endurance runners on a national or global scale. Only 72 participants participated and completed the entire survey, which is not a large number but enough to acquire preliminary knowledge of the presence of the components of the FAT in a group of adult female endurance runners.
